Pediatric obesity is a major health concern that has an increased prevalence in children with special needs. In order to categorize a child's weight, an assessment of body composition is needed. Obtaining an accurate body composition measurement in children with special needs has many challenges associated with it. This perplexing scenario limits the provider's ability to screen, prevent and treat an abnormal weight status in this vulnerable population. This systematic review summarizes common methods of body composition measurements, their strengths and limitations and reviews the literature when measurements were used in children with cerebral palsy, spina bifida and spinal cord injury. Following PRISMA guidelines, 222 studies were identified. The application of the inclusion and exclusion criteria yielded a final sample of nine studies included in this review. Overall, articles reinforced the inconsistencies of body composition measurement and methodology when used with children with special needs. Concerns include small sample sizes, the need to validate prediction equations for this population, and the lack of controlled trials and reporting of measurement methodology. Healthcare providers need to be aware of the complexities associated with measuring body composition in children with special needs and advocate for further testing of these measurements. Additional studies addressing the reliability and validity of these measures are needed to facilitate appropriate health promotion in children.
. Summary of common body composition and criterion measures. Does not differentiate between the individual's muscle and fat mass.
Accuracy depends on height and weight being accurate.
Children with atypical body habitus can have increased regional adiposity, but still have an acceptable or low BMI.
Obtaining an accurate height can be challenging secondary orthopedic abnormalities or the inability to stand independently.
Skinfold Thickness (SF)
Handheld calipers are used to measure subcutaneous fat at different anatomical sites and the measurements are put into a prediction equation to determine body density and then a second equation for body fat %.
Cost effective

Non-invasive Clinically accessible
Prediction equation uses two calculations increasing risk of error.
Increased risk of error based on technician's training, individual's hydration status, and skin thickness.
Increased inaccuracy with higher body fat%.
Lack of population specific prediction equations for children with special needs. Bioelectrical Impedance Analysis (BIA)
Estimates total body water and subsequently body fat % by measuring the impedance of electricity by body tissues. Electrical current flows more rapidly through fat free mass than adipose tissue and bone allowing total body water to be determined. Formula used requires height and weight of individual to be inputted into the analyzer.
Ability to be performed in standing or recumbent position
Cost effective
Non-invasive Accuracy depends on individual's fluid distribution, specific testing methodology (fasting, body positioning, dehydration status, localized changes in extremities [edema] and recent exercise), accurate height and weight being used and body symmetry.
Fluid distribution can vary in certain populations such as spinal cord injury or spina bifida.
Significant body asymmetry such as secondary amputation, unilateral hemiparesis and neurological
Clinically accessible
Equations used are based on population specific testing. muscular conditions can impact accuracy.
Lack of population specific prediction equations for children with special needs. Total dose needs to be ingested, which may be difficult for participants with swallowing or drooling. Can be used with a gastrostomy tube if dose is followed by a flush to ensure total dose is ingested.
Special Needs Populations
Children with SN have an increased risk for obesity; however the accuracy of population level data is questioned (Rimmer, Wang, Yamaki, & Davis, [35] ). Many national prevalence estimates are based on self-reported height and weight data, which are associated with higher error rates or due to challenges in measurement may be using an inaccurate height or weight (Rimmer et al., [35] ). These concerns lead to statistics that may underrepresent obesity in these populations (Rimmer et al., [35] ). Three exemplar conditions addressed in the literature are cerebral palsy (CP), spina bifida (SB) and spinal cord injury (SCI).
Cerebral palsy has associated motor impairments or loss of mobility, short stature, lower fitness, and less muscle mass leading to an increased risk for obesity (Gurka et al., [15] ; Kuperminc et al., [22] ; Peterson, Gordon, & Hurvitz, [33] ). Kyphosis and scoliosis can occur in more severe CP which can hinder the ability to obtain an accurate height measurement (Veugelers et al., [40] ). In addition, children with CP can have an altered energy metabolism, general nutritional problems such as poor appetite, dysphagia, constipation, and hypersensitivity of the oropharynx which can lead to malnutrition (Veugelers et al., [40] ). Each of these complications can alter an individual's hydration status which can lead to error in most measures of BC.
Spina bifida is a birth defect that occurs when the neural tube closure is impaired during early pregnancy (Mita et al., [29] ). Obesity prevalence in individuals with SB has been estimated as high as 64% among adolescents (Dosa, Foley, Eckrich, & Liptak, [11] ). Associated deterioration of lower extremity muscles, short stature, sedentary lifestyle, less lean body mass, and a lower basal metabolic rate have all been implicated in the risk or cause of the abnormal weight status in the individual with SB (Dosa et al., [11] ; Mita et al., [29] ). In addition, children with SB have an atypical distribution of body water which impacts the child's hydration status and complicates the measurement of total body water and subsequently BC (Littlewood et al., [25] ).
After a SCI, the body undergoes changes including an increase in adipose tissue which may be related to overfeeding during the acute phase of SCI and rehabilitation, marked sarcopenia associated with muscle paralysis or muscle atrophy, and a decrease in energy metabolism (Gater, [14] ). Individuals with SCI have increased adipose tissue and less lean muscle mass when compared to their general population counterpart, even at a normal Body Mass Index (BMI) (McDonald, Nelson, & Widman, [27] ).
Methods
Search Strategy
This review of literature focused on BC measurement in children with CP, SB, and SCI. The strategy employed for this review included searching the following databases: PubMed, CINAHL, Cochrane Library, Healthstar, EMBASE, Web of Science, SPORTdiscus, and Google Scholar. Search terms included obesity, overweight, weight status, body composition, fat mass, lean mass, muscle mass, neural tube defects, anthropometrics, bod pod, segmental length, recumbent length, stadiometer, body mass index, DXA scan, bioelectrical impedance analysis, air displacement plethysmography, skin folds, limb length differences, adipose, adiposity, body composition study, waist circumferences, lipid profile, and hydrodensitometry. Each of the terms was combined with the following conditions: cerebral palsy, spina bifida (myelomeningocele), and spinal cord injury. Terms were searched as keywords and, when available, were mapped to MeSH and CINAHL subject headings. The search was limited to literature published between 2003 and October of 2013. Studies were included if they used a measurement of BC with a criterion or gold standard measurement for comparison in children/adolescents (up to age 21 years) with the diagnosis of CP, SB, or SCI. Commentaries, literature reviews, and articles that primarily focused on adults were excluded. A review of the retrieved studies' reference lists was performed to determine if additional studies could be identified.
The search identified 222 articles and 10 additional articles were identified through examination of references. An additional study that examined the use of arm span measurement as a substitute for height and then evaluated how the CDC/NCHS BMI graph could appropriately be used in children with SB was included in this review. While this study did not use a criterion measure, it was seen as a seminal study. The final sample for this review was 9 articles (see Figure 1 ).
Graph: Figure 1 . PRISMA Diagram.
These studies were evaluated using the hierarchy of evidence described by Melnyk, Stillwell, and Williamson ([12] ). Each article underwent an independent review by authors Meyer-Wentland and Polfuss. Discrepancies or disagreements were discussed with author Sawin for final determination. All included articles were case control or cohort studies and were classified a IV [12] ). The evidence table, divided by diagnoses, included studies investigating BC in children with CP (n = 5), SB (n = 2) and SCI (n = 2) (see Table 2 ). 
Results
The findings are presented in two sections. First, study protocol methodology is discussed followed by study design, sample, criterion measures, findings, and limitations within each diagnosis group of CP, SB, and SCI.
Study Methodology
All five of the studies that included BIA measurements used the whole body technique versus a handheld model, but used different procedures. Two of the studies had participants lie in the supine position for 10 minutes prior to testing (Mojtahedi, Valentine, & Evans, [31] ; Rieken et al., [34] ). In contrast, Littlewood et al. ([25] ) conducted the BIA test as soon as the child was in the supine position to avoid fluid shifts and two studies did not report on the length of time in supine position before testing (Bell, Boyd, Walker, Stevenson, & Davies, [ 4] ; Liu et al., [26] ). There was high variability in reported fasting status. Three studies had participants fast, one for at least 4 hours (Rieken et al., [34] ), the second for 12 hours (Mojtahedi et al., [31] ), and the third for a "period of time" before the test (Liu et al., [26] ). The remaining two did not report on fasting status (Bell et al., [ 4] ; Littlewood et al., [25] ). When identified, exclusion criteria included: abnormal hydration status (Rieken et al., [34] ), and children who were acutely ill (Littlewood et al., [25] ).
The measurement of SF had wide variation amongst the five studies that included its use. Number of sites measured ranged from 1 to 9. When converting the body density to body fat percentage, six different prediction equations were used including Slaughter, Slaughter-Durnin, Siri, Evans et al., Gurka, and a correlation of a single SF measurement. Three of the five studies designated what side of the body the measurements were taken: right (Mojtahedi et al., [31] ), left (Rieken et al., [34] ) or the unaffected side (Gurka et al., [15] ).
The largest inconsistency in measurement among the studies was height. Within the CP studies there were five different measures of height used based on the child's ability to stand (see Table 2 ). One study did not document how the height measurement was obtained (Gurka et al., [15] ). Methods of height measurement options included a portable stadiometer, length board, arm span, crown to heel, and knee height. In the studies of individuals with SB, a stadiometer and linear or segmental measurements were noted in Shurtleff, Walker, Duguay, Peterson, and Cardenas ([37] ) and there was no discussion of how height was obtained in the other study (Littlewood et al., [25] ). The SCI studies used a wall mounted stadiometer, arm span, supine stadiometer, and supine measurement from head to heel or segmental joint measurements depending on the child's ability to stand (McDonald et al., [27] ; Mojtahedi et al., [31] ).
Cerebral Palsy Study Designs and Sample
The five studies primarily used a cross-sectional study design with sample sizes that ranged from 8 to 71 participants. Ages ranged from 2-19 years of age with a mix of male and female participants. Studies included mild to severe function severity based on the gross motor function classification system.
Criterion or Comparison Measures
Some studies included more than a single measurement test. When BIA was used, two studies specified isotope dilution (Bell et al., [ 4] ; Rieken et al., [34] ) and one used the DXA scan (Liu et al., [26] ). In the four studies using SF, three tested the results against the DXA scan (Gurka et al., [15] ; Kuperminc et al., [22] ; Liu et al., [26] ) and one against isotope dilution (Rieken et al., [34] ). A calculated BMI was tested against the DXA scan. An additional test was arm circumference testing versus the DXA scan (Kuperminc et al., [22] ).
Findings
Findings for the BIA studies were mixed. The first found the BIA acceptable when using the Fjeld equation at estimating total body water (Bell et al., [4] ). Total body water provided percentage BF estimates at the population level, however, results varied by up to 18% in preschool aged children (Bell et al., [ 4] ). Liu et al. ([26] ) found that BIA was moderately correlated to DXA for fat mass and percentage BF highly correlated for fat free mass in a small sample of 8 children. Rieken et al., ([34] ) had inaccurate findings for BC when current equations were used with BIA, but had improvement with the development of a new equation that used tibia length versus standing height. In addition, the BIA performed better than SF for BC measurement (Rieken et al., [34] ). Two studies created new equations that improved the ability to estimate body fat percentage (Bell et al., [ 4] ; Rieken et al., [34] ).
Skinfold measurements had decreased validity and when used with the Slaughter equation underestimated percentage BF when compared to the DXA scan (Gurka et al., [15] ; Kuperminc et al., [22] ) but overestimated percentage BF when compared to isotope dilution and using the Gurka et al. equation (as cited in Rieken et al., [34] ). In one study, SF were not feasibly obtained in 12 of the 61 children (Rieken et al., [34] ). When the original equation provided inaccurate results, the researchers developed a new equation (Rieken et al., [34] ) or used a correction equation (Gurka et al., [15] ). While the new equation performed better, authors identified that further validation is needed. In a small sample size of 8 children, SF had best results for determining percentage BF over BIA methods when compared to DXA (Liu et al., [26] ).
Body mass index tests and arm circumferences had a poor correlation with a significant underestimation to percentage BF as measured by DXA (Kuperminc et al., [22] ). In addition, arm circumference was not supported when compared to DXA. (Kuperminc et al., [22] ).
Limitations
A small sample size and/or decreased generalizability, especially in samples that only consisted of specific subgroups of CP (i.e., preschool-aged children or increased severity of CP) were particularly problematic in these studies. There was a lack of consistency in information provided about the testing methodology used. Additional limitations included the lack of consistency of equations used and development of new equations. While the new equations had improved results, each study identified the need for additional validation testing. When positive findings were found in preschool-aged children, it was noted that while accuracy was seen at the population level, it could not be stated at the individual level.
Spina Bifida Study designs and sample
One of the two studies reviewed included a pilot study that incorporated a cross-sectional study design with a sample size of 14 children with a mean age of 8.49 ± 3.85 years (Littlewood et al., [25] ). The second study performed a retrospective chart review of 709 patients and included 4,968 patient visits from 1965 through 2008 (Shurtleff et al., [37] ).
Criterion or Comparison Measure
The first of the two studies compared BIA, with two prediction equations (Cornish et al. and Davies et al. equations) , to isotope dilution (Littlewood et al., [25] ). The second study did not include a criterion measure, but was included as a seminal study (Shurtleff et al., [37] ). would not apply to children with SN. In addition the children with SB had additional problems such as growth hormone deficiency, diabetes, and obesity. It was also hypothesized that the children with SB in the study had a fluid status that could have mimicked a healthy adult versus a child which would lead to the adult equation performing better (Littlewood et al., [25] ).
The study by Shurtleff and colleagues ([37] ) found arm span was acceptable for children with lower level lesions. The study noted that when the children had a higher level of lesion the CDC/NCHS BMI graph underrepresented the child's BMI, thus underestimating obesity in these children. For these children, the authors proposed lowering the graph's BMI percentage by 50% to increase the graph's sensitivity and provide a more accurate reflection of obesity (Shurtleff et al., [37] ). The proposed changes provide a unique perspective that provided a cost effective method to better describe the child's obesity levels and highlighted the problems associated with BC measurement in this population.
Limitations
The Littlewood et al. ([25] ) authors acknowledged having a small sample size in this pilot study and the need for further study of BC in children with SB. No further evidence or testing was found to support the Shurtleff et al. ([37] ) recommendations. Additional evaluation of the suggested BMI percentage changes would be needed to establish the validity of their proposal.
Spinal Cord Injury Study designs and sample
Two studies met the criteria for review and both used a cross sectional study design. The first sample was 16 highly active athletes (based on the Physical Activity Scale for Individuals with Physical Disabilities [PASIPD]) who all used wheelchairs for ambulation (Mojtahedi et al., [31] ). The second was 60 individuals with paraplegia/ tetraplegia and 60 gender, age, and BMI matched controls (McDonald et al., [27] ). It should be noted that the study with a sample size of 16 included participants that would be considered adolescent/young adult with an age range of 18-31 with a mean age of 22.0 ± 2.7 for women and 21.9 ± 4.2 for men which met the high end of our inclusion criteria (Mojtahedi et al., [31] ).
Criterion measure
The DXA scan was used as the criterion measure for both of the studies with one study comparing SF and BIA measurements and the second comparing BMI.
Findings
Both SF and BIA underrepresented the body fat percentage when compared to the DXA scan (Mojtahedi et al., [31] ). Of the two measurements, BIA had body fat percentage readings that were closer to the DXA readings, but had increased variability, total error, and poor correlations to the DXA. When examining the SF measurements with different equations, the Evans et al. equation (as cited in Mojtahedi et al., 2009 ) using three sites provided the best readings for this highly active, non-ambulating population, but was still inaccurate (Mojtahedi et al., [31] ). Further studies that generate new prediction equations for both SF and BIA measurements were recommended for SCI athletes.
In the second study, the tetraplegia group had a significantly lower BMI percentage adjusted for age than their control group and both tetraplegia and paraplegia group had less lean tissue mass and more FM than their control group (McDonald et al., [27] ). In general, the traditional BMI criteria were found to significantly underestimate obesity in this population and new proposed criteria were provided that suggested decreasing the BMI cut point for obesity in children and adolescents from ≥ 30 kg/m 2 to 19 kg/m 2 (McDonald et al., [27] ).
Limitations
The small sample size and the inability to obtain the participants' American Spinal Injury Association (ASIA) classification scores were limitations in the first study which could have contributed to the high variability in their findings (Mojtahedi et al., [31] ). In the second study, all subjects were college-aged which decreases generalizability of the findings (McDonald et al., [27] 
Discussion
When reviewing the literature over a 10 year period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) , the lack of studies focused on evidence-based measurement of BC in children with SN is evident. Although a comprehensive search was performed, it is possible pertinent studies were missed. Several studies using BC measurements and subsequent prediction equations were identified, but unfortunately the validity of these methods of measurement were not confirmed.
The level of evidence for the studies in this review reflected a lack of any controlled trials. In addition, the quality of the descriptive studies varied. Many of the studies reviewed used small convenience samples which led to the limitation of decreased generalizability of the findings. The abundance of prediction equations available was evident, but most of the equations had not been generated or evaluated within the SN populations. Multiple studies modified existing equations to fit the population studied, but all would need further validation.
This synthesis supported the potential for inaccuracy of the BMI, SF, and BIA in measuring body fat in the CP, SB, and SCI populations. In the general population where a BMI is recommended as a surrogate for body fat, its accuracy is noted to improve with higher body fat percentage (Centers for Disease Control, [ 8] ). While this was not found in this review, two studies acknowledged the inaccuracies found with the BMI by making adjustments to the cut points or graph to improve its accuracy. In the SB study by Shurtleff et al. ([37] ), BMI appeared to be adequate with children who had lower level lesions, but modifications of lowering the BMI percentile curves by 50% for children with higher lesions was recommended. McDonald et al. ([27] ) recommended changing the criterion value for obesity in SCI to a BMI of 19kg/m 2 . Both of these findings support the use of BMI in some capacity in children with SN which is favorable due to the accessibility, ease of use and cost-effectiveness of the BMI, but are yet to be validated.
Additional concerns included the lack of consistency of providing information regarding the testing environment, measurement methodology and protocol details such as fasting status, fluid status, or procedures taken with height measurements. With the narrow window of error potentially having a large impact on accuracy of BC measurement, specific procedures for each measurement should be detailed. The final concern is the need for training in obtaining these measures. The potential lack of inter-rater reliability and error is inherent in many measurements of BC. This risk can be exacerbated when working with children and children with SN. Training should include techniques that acknowledge the child's mobility challenges or fear associated with measurements. Without appropriate skilled staff addressing these issues the results can be skewed.
While there are some inconsistencies and measurement challenges reported in the review, there is a consensus that these three populations studied are at a higher risk of obesity. This synthesis highlighted the fact that all indirect measures of BC have a potential for error that increases when they are used with a non-typically developing individual. In the ideal situation, a four compartment model which uses multiple criterion measures could lessen the risk for error but this is often not a practical option. Carefully choosing the best available BC measure for the population that is being assessed, using it thoughtfully and adhering to a standardized protocol for each measure is critical. Options such as modification of existing measurements should be considered (i.e., modification of BMI). Additional large population studies need to be performed to create population specific cut points.
Conclusion
Children with SN have many complex health issues and the risk for obesity is often overlooked. In order to work with children and their families to either prevent or treat an abnormal weight status, we must first have an accurate and practical method of identifying when a child is considered overweight or obese. While this is a logical and foundational piece of information, we currently lack evidence-based methods to measure BC or diagnose obesity in this vulnerable population. Acknowledging the specificity that needs to be used in BC measurement methodology and the atypical body morphisms and physiology that are associated with children with SN, it is critical that the scientific community prioritize finding cost effective, reliable, valid, and feasible options for this special population. Until this is done, clinicians, individuals, and families will continue to have a significant barrier in preventing, screening and treating obesity in children with special needs.
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